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THICKNESS OF THE GLACIAL DRIFT RANGES FROM LESS THAN
300 FEET IN THE WESTERN PART OF THE WATERSHED TO
MORE THAN 600 FEET IN THE NORTHEASTERN PART.—The
greater thickness of the glacial deposits in the central and eastern part of the
watershed is due chiefly to the high end moraine that trends north-south
through the area.
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Area where rocks of Cre- )
taceous age (shale and R
sandstone) overlie erys- A
talline rocks. The Cre-
taceous rocks may not
be continuous but they
are common in this area.
Outliers of Cretaceous
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Area of regional ground-water discharge

Area of ground-water recharge and dis-
charge, undifferentiated. The extremely
large number of hills and depressions
makes recharge and discharge relation-
ships very localized. Recharge to the
deeper parts of the ground-water reser-
voir is generally in the areas of higher
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Till

o

Lithologic characteristics: Till is an unsorted mixture of particles ranging in size

Sfrom clay to boulders.

The till in the central morainal area is generally coarser,

containing a higher percentage of sand than the till in the western part of the
watershed. Lenses of stratified silt, sand, and gravel occur at many places within

the till.

Thickness of the lenses ranges from a few inches to many feet.

The

upper part of the till is oxidized and leached and is slightly more permeable

than the underlying unweathered gray till.

Till occurs throughout the water-

shed either at the surface or beneath the outwash, ice-contact, and glacial lake

deposits

Water-bearing characteristics: Yields to drilled wells are commonly less than 10
gallons per minute, however, a few wells are reported to yield more than 200
gallons per minute. In general, yields of deeper wells are higher than shallower
wells because of the greater available head for drawdown. Generally, test drill-
ing programs are necessary in till areas to find aquifers capable of yielding
large amounts of water to wells

Lake deposits

Lithologic characteristics: Stratified clays and silts range from o few feet thick
in the eastern part of the area to more than 50 feet near the Red River of the
North. Several beach ridges having depths of sand up to 15 feet extend in a
north-south direction in the eastern part of the Glacial Lake Agassiz plain

Water-bearing characteristics: Yields from large diameter dug or bored wells in

the silt and clay are sufficient to maintain watering ponds for cattle.

Yields

from shallow wells in the beach ridges are low mainly because of the low water
levels—usually only the lower few feet are saturated

Sand and gravel (ice-contact)

Lithologic characteristics: Sand and gravel is stratified, medium to coarse grained,

and often grades abruptly into sandy till.

The boundary of the ice-contact

deposits is difficult to determine owing to similarity between the grain sizes of

these deposits and the adjoining till.

The thickness of the stratified sand and

gravel is highly variable and ranges from less than 10 feet to more than 100 feet
Discontinuous ice-contact terraces, underlain by coarse sand lie along the

lower reaches of the Pelican River valley.

throughout much of the remainder of the area
Water-bearing characteristics: Yields of existing wells range from about 10 gallons
per minute to more than 500 gallons per minute. Based on the high water levels
and thick sections of sand and gravel it is estimated that yields up to 1,000

gallons per minute or more can be expected at some places

Large hills of sand and gravel occur

The area is favorable for ground-water recharge owing to the high infiltration
capacity of the coarse deposits and the higher altitude of the area. Much of the
ground water is discharged locally to springs and seeps in the depressions, how-
ever, some ground water is regionally discharged out of the area

Sand and gravel (outwash)

Lithologic characteristics: Stratified deposits of sand and gravel range from fine
to medium sand and gravel. Lenses of silt occur locally in the outwash deposits.
Thickness of the outwash ranges from o few feet near the edges to more than 100

feet north of Perham and west of Otter Tail Lake.

(See sections)

Water-bearing characteristics: Yields from wells finished in the outwash sand
and gravel range from less than 100 gallons per minute where the saturated
thickness is not large, to over 1,000 gallons per minute in the more permeable

and thicker sections.

Watershed boundary

Ground-water divide

WATER ENTERS THE GROUND-WATER RESERVOIR IN THE HIGHER LANDS AND IN SANDY AREAS AND LEAVES THE
RESERVOIR MOSTLY IN THE ADJOINING DEPRESSIONS AND VALLEYS OCCUPIED BY LAKES, STREAMS, OR WETLANDS

ground-water divide and the lake plain some ground water
Jrom the shallow part of the ground-water reservoir is dis-
charged along the Pelican River. Fast of the central divide,
ground water moves southeastward toward the Otter Tail
River.

Ground water moves westward from the ground-water divide
in the central part of the watershed through the deeper part
of the ground-water reservoir and s discharged in the lake
plain drained by the Red River of the North. Between this

(See detail of outwash area below)

Lithologic boundary

Eastern extent of Glacial Lake

Agassiz plain

1460
Water-table contour

Shows altitude of water table. Con-
tour imterval 20 feet. Supple-
mentary 10 foot contour is dashed.
Datum is mean sea level
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ESTIMATED POTENTIAL YIELD OF THE SURFICIAL SAND AND GRAVEL
AQUIFER RANGES FROM LESS THAN 100 GALLONS PER MINUTE IN
AREAS WHERE SATURATED THICKNESS IS LESS THAN 20 FEET TO
MORE THAN 2,000 GALLONS PER MINUTE WHERE THE SATURATED
THICKNESS IS MORE THAN 80 FEET.—The estimated yields are based on
assumed permeabilities for clean, medium to coarse sand which commonly range
from 500 to 1,500 gallons per day per foot ? It was also assumed that the wells were
screened in the lower third of the aquifer and that the pumping period was 30 days.
Corrections were made for decreases in yield due to dewatering the aquifer. This
map represents analysis of existing basic geologic data and will undoubtedly be
revised when additional data are available on the hydraulic characteristics of the
aquifer. Wells of greater or lesser yields occur within mapped yield areas, however,
these yields probably reflect local aquifer conditions.

mallion acre-feet of water in storage, of which only a small fraction

The drainage area, which includes

EXPLANATION
8 8 Crop needs will be less
7 7 than indicated amount
on an average of
6 6 once in 5 years
o 2 5 Crop needs for an
E : 4 average year
= 3 3 Crop needs will
exceed indicated .
2 ) amount on an Precipitation
1 1 average of once
in 5 years Su_pplem_ental
g Corn Potatoes Corn Potatoes Corn Potatoes t : :;Lg:;:f"
June July August
MONTHLY SUPPLEMENTAL IRRIGATION NECESSARY FOR OPTIMUM CROP
GROWTH RANGES FROM ZERO FOR POTATOES DURING JUNE AND
JULY IN A YEAR WHEN PRECIPITATION EXCEEDS NORMAL, TO ABOUT
5 INCHES FOR CORN DURING A JULY WHEN PRECIPITATION IS
BELOW NORMAL.—The estimates were based on a frequency distribution of
monthly precipitation and temperatures for the three months (78 years of record),
and on a relationship which states that supplemental irrigation needed equals
evapotranspirational needs of the individual crop minus precipitation (Schwab,
1966, p. 543).
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Boundary of outwash plain

Surface-water drainage divide

Total crop needs
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|

the outwash area, covers about 860 square miles and the runoff
contribution from this area is about 150 cubic feet per second or
2.4 inches from the basin. The runoff contribution of the outwash
area 1s about 100 cubic feet per second or 4.2 inches. Development

and physical factors which control the use of water. Additional
hydrologic data are meeded to define adequately the physical
consequences of plans that may be developed. These plans wll
hawve to consider the effects of pumpage on water level within the
reservoir and on surface sources of water.
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WATER-LEVEL DECLINE, (DRAWDOWN), AT A GIVEN DISTANCE FROM A PARTICULAR WELL
TAPPING THE UNCONFINED AQUIFER SHOWS THAT DRAWDOWN IS MUCH LESS WHERE
TRANSMISSIBILITY IS LARGE.— These drawdowns represent values which would occur if the water
being pumped is entirely from storage within a homogeneous aquifer.
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WELLS PLACED NEAR A SOURCE OF RECHARGE SUCH AS A STREAM OR RIVER
DIVERT WATER FROM THESE SOURCES.-The amount diverted depends largely upon
the hydraulic characteristics of the aquifer, distance of the well from the source, rate of pum -
ping, and length of pumping time.

Surface-water analysis

(0]
Ground-water analysis

1
@
Sample plotted on graph

DISSOLVED SOLIDS IN GROUND WATER FROM THE GLACIAL DRIFT CONSIST PREDOMINANTLY OF CALCIUM, MAGNESIUM, AND BICARBONATE

The three samples showing relatively higher sodium plus potassium
content indicate a mixture of water from the glacial drift and the Cre-
Water in Cretaceous rocks generally is high in sodium
as a result of natural softening processes involving base exchange on

taceous rocks.
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area

rocks might occur else- aror—S0l, COMMUNITY WATER SUPPLIES
where in the watershed j \‘\ r‘. AT 15 MEA SERTLEVEL
Pl : !
1100-==== i % \ z ) . Community Well construction Well yield Quality Potential for additional supplies Remarks
Bedrock contour
Shows altitude of Precambrian Operati Estimated Total wed
crystalline rocks. Dashed . perating . ota Dissolve
Zhe"i i%zr}ed; C;))nt:ur in- l()fee'.(:tt')l Iz::::‘;\zt:)r rate mayxilerum hardness solids (p:)em) Treatment
TV eeL. atum 18
mean sea level (gpm) (gpm) (ppm) (ppm)
Watt;s;e-d. ;;n e Glacial sand and gravel artesian aquifer, 26 Many test wells and former production wells
y Detroit 245 20 500 1,500 4 to 34 feet thick, in glacial till. One or two occur in vicinity of present town wells.
'''''''''' 1 Lakss 232 16 500 1,300+ 302 378 0.2 additional wells could be located in vicinity Other wells within the town yield 50 to
. 235 16 500 1,300 of existing wells. Main city wells flowed 200 gallons per minute from sand and
L-,_’\ naturally above land surface. gravel aquifers.
1300/ H
'100./ Extensive outwash water-table aquifer over
; > L 100 feet thick. Large additional supplies Other municipal and industrial wells tapping
! Péitiam }g? ig ggg ggg 294 354 002 | Fluoridation are available from this aquifer. Static this aquifer have reported yields of 200 to
. : 1 water level ranges in depth from 15 to 30 500 gallons per minute.
~- o Verk Mi,.,) feet below land surface.
3 /—— 46°30'
| Glacial sand and gravel, artesian aquifer, 9
: }fl’g g zgg 228 to 21 feet thick, in glacial till. Aquifer is
p Pelican i x 150 s 360 26 not extensive. Location of additional wells Yields of some wells have declined due to
/-' Rapids 119 12 250 5 310 0'92 requires test drilling. Static water level encrustation on well screens.
E ! 10 i ranges from 50 to 60 feet below land
3 §!§\ 420 200-300 | >500 stiridge.
8|4
!!?— . : . 46°15"
Test hole with 5= » Glacial sand and gravel, artesian aquifers of
131 feet of "l'é \ limited areal extent. Aquifers are less
Cretaceq - / than 15 feet thick. Other glacial aquifers
L : Frazee 150 10 300 500 317 367 31 of iimited areal extent and capable of Shallow well, tapping a water-table aquifer,
\ 88 16 325 325 360 0.42 yielding from 300 to 500 gallons per minute formerly supplied part of the town supply.
’ to wells probably occur within the vicinity
ey of Frazee. Water levels range from 30 to
60 feet below land surface.
95°30
Glacial saﬂd and gravel, artesian aquifer up : . 3
THE SURFACE OF THE PRECAMBRIAN ROCKS HAS A GENERAL . ol . P Base from U.S. Geological Survey, 1;250 000 ,
WESTWARD SLOPE FROM MORE THAN 1,300 FEET ABOVE MEAN , 87 8 100 290 13 to 23 feet thick. Determination of potential | A shallow well, 35 feet deep, yielded 70 series: Grand Forks, 1952; Fargo, 1953— o
SEA LEVEL IN THE EAST_CENTRAL PAIiT OF THE WATERSHED Heﬂmng 85 10 250 : -yleld of agmfer will depend upon test drill- ga“ons per minute from a gfavel aquifer 64; Bemidji, 1954-65; and Brainerd
TO ABOUT 600 FEET NEAR BRECKENRIDGE.— The Precambrian rocks ing. Ava|le_1ble _head for drawdown above within the city limits. 1953-65
consist_ chiefly of granite but also include schist, greenstone, and other meta- I -ofsapiir incatout Sifsel -
meviihie rocks: 1 sl wyea o inon Jowambion sioues W Hipenst-conivel med LARGE AMOUNTS OF WATER ARE AVAILABLE FROM SAND AND GRAVEL DEPOSITS IN THE WATERSHED
of the watershed. Cretaceous rocks occur only in the extreme western part New el andRard | aates it . . . s s 5 s
of the watershed and the thicknesses are only approzimately known. —The York 125 12 90 323 354 30 ot ;0 er‘t‘ thfc’:"e Av:“:;::“h :a“:'fg; T — The extensive ice-contact and outwash deposits that constitute a Ground-water flow is separated regionally by a divide ex-
test hole shown in North Dakota penetrated 131 feet of Cretaceous rocks, but Mills 125 10 130 400 iRk bt 90 ek ' large part of the area are thick and permeable. tending northeastward through the central part of the watershed.
these rocks thin to only a few feet near their eastern limit. The Cretaceous A l i nd .. by the his divi - he
sediments are largely shale, but also include sand that will yield small to mearly Jull ground-water reservoir 1s reflected by the many Ground-water movement sout_heastugard Srom this divide is to th
moderate supplies of water, probably about 50 gallons per minute to individual e e —— lakes in the watershed which are a surface expression of the water Otter Tail River and its tributaries. West and nmorth of this
z?l’lf- The twatt?r wn th;)e Cretaceous rocks is generally soft and may contain Battle 122 8 30 250 about 80 feet thick. Large additional table. The large volume of ground water in storage is sufficient divide flow moves locally toward the streams and lakes. Some
L Lake n 10 300 350 275 356 0.02 supplies could be developed from this to sustain lakes during dry cycles particularly in the outwash and deeper ground-water movement occurs regionally westward toward
ader. ice-contact areas. the lake plain and the Red River of the North.
= WATER QUALITY
PRELIMINARY EVALUATION OF THE OUTWASH AREA FOR GROUND-WATER DEVELOPMENT ~s
THE OUTWASH AREA IS ONE OF THE LARGEST SOURCES OF GROUND WATER WITHIN THE WATERSHED EXPLANATION 100
It covers about 320 square miles and has about one and a half of the water resources of this area will depend upon economzc, legal, - =
A 1. Water from 20 foot well in till-ice-contact

. Water from 68 foot well in outwash area
. Water from 252 foot well in glacial till in

lake plain area
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CONCENTRATION, IN EQUIVALENTS PER MILLION
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TOTAL CONCENTRATION OF DISSOLVED SOLIDS IS GENERALLY
LOWER WITHIN THE SHALLOW SANDY DEPOSITS OF THE OUT-

clay particles whereby sodium is exchanged for calcium and magnesium.

The quality of water in the deeper zones in the glacial drift is largely
unknown because of the absence of deep wells from which water samples
can be collected.

.

Cl

MOST GROUND WATER IN THE WATERSHED HAS A HARDNESS OF
GREATER THAN 200 PARTS PER MILLION.—Harduness is due mainly
to the presence of calcium and magnesium ions in the water. Mineral salts
of calcium and magnesium can form incrustations on well screens and react
with soap to form insoluble products. By pumping wells at a low rate the
effect of incrustation can be minimized.

&

&

WASH AREA AND HIGHER IN THE LAKE PLAIN AND MORAINAL
AREAS.—Much of the higher concentrations can be explained by the greater
time the water is in contact with soluble minerals in the less permeable deposits.

SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER, AT 25°C
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WATER IN THE OUTWASH AREA AND MOST OF
THE WATER SAMPLES OUTSIDE THE OUTWASH
AREA HAVE LOW SODIUM HAZARD AND MEDIUM
SALINITY HAZARD.—These waters can be used for
wrrigation on almost all soils with little danger of the develop-
ment of harmful levels of exchangeable sodium, however,
soils should be well drained owing to the salinity hazard.
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